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Introduction
Coplanar polychlorinated biphenyls (Co-PCBs) are the most widespread and persistent endocrine-disrupting chemicals that affect female reproductive health. Environmental CoPCBs exhibit estrogenic properties and exert effects that mimic endogenous mechanisms [1] [2] . PCBs have been associated with decreased litter size and increased risks of spontaneous abortion, stillbirth, and foetal resorption in mice, rats, rhesus monkeys, guinea pig and rabbits [3] [4] . In humans, maternal exposure to Co-PCBs has been associated with increased rates of spontaneous abortion and stillbirth [5] . In previous experiments, our indings , -hexachlorobiphenyl (PCB-169), are closely associated with spontaneous abortion [6] . Moreover, Co-PCBs have toxic and biological effects on human trophoblasts [7] . However, the mechanisms involved in PCBinduced cell cytotoxicity in trophoblasts have not been completely elucidated.
During the reproductive cytotoxicity injury, complement activation is increasingly recognised as a major contributor. During complement activation, C1q can itself function as a potent extracellular signal for a wide range of cells, resulting in the induction of ligandspeci ic biologic responses. Decidual stroma is known to overexpress and to release the globular heads receptor of C1q (gC1qR). gC1qR is a 34-kDa glycosylated phosphoprotein that has been implicated in cell signaling and was initially identi ied as a protein of the mitochondrial matrix [8] . There is evidence that gC1qR mediates many biological responses, including in lammation, infection and immune regulation [9] . Examples of such responses include growth perturbations, morphological abnormalities and the initiation of apoptosis [10] .
gC1qR has been reported to be an endogenous substrate of mitogen-activated protein kinase (MAPK) and, upon mitogenic stimulation, gC1qR translocates to the nucleus in a MAPK-dependent manner in cervical cancer cells [11] . The MAPK signaling pathway plays an important role in cellular proliferation, differentiation, migration and apoptosis [12] [13] . There are three mainly MAPK pathway: ERK1/2 pathway, which responds to growth-and differentiation-factor, and the p38 and JNK pathway, which respond to stress conditions. In recent decades, some cytotoxicity molecules have been reported to induce cellular apoptosis, and p38 MAPK and ERK1/2 signaling pathway were deemed stress responsive and thus involved in the process of apoptosis [13] [14] . However, it has been not clear whether MAPK signaling pathway is involved in the apoptotic process induced by Co-PCBs on human trophoblasts.
The aim of present study was to comprehensively identify the cytotoxicity generated by Co-PCBs in human trophoblasts, the constitutive expression of gC1qR and the underlying intracellular signaling pathways. Our results provide evidence for an important role for the p38 MAPK/ERK signaling pathways in Co-PCBs-induced apoptosis in human extravillous cytotrophoblast (EVCT)-derived transformed cells. 130301) were purchased from Santa Cruz (Santa Cruz, CA, USA). Phosphorylated p38 MAPK (*p-p38 MAPK) (Thr180/Tyr182) and p38 MAPK (catalogue number: #8203), phosphorylated ERK (*p-ERK) (Thr202/ Tyr204) and ERK (catalogue number: #8201) were purchased from Cell Signaling Technology. gC1qR small interfering RNA (siRNA) and negative siRNA (i.e., siRNA directed toward an unrelated gene and used as a negative control) were synthesised by Wuhan Genesil Biotechnology Co., td. (Wuhan, China). Cell culture supplies were purchased from ife Technologies (Gaithersburg, MD, USA). Unless otherwise speci ied, all other reagents were of analytical grade.
HTR-8/SVneo and HPT-8 Cell Lines and Cells Culture
The human extravillous cytotrophoblast (EVCT)-derived transformed cell lines (HTR-8/SVneo and HPT-8) were obtained from Hangzhou Hibio Bio-tech Co., td. (Hangzhou, hejiang, China). The irst trimester EVCT cell line was termed HTR-8 and was immortalised by SV40 tag; the HTR-8/SVneo cells retained all of the phenotypic and functional characteristics of the parental mortal HTR-8 cells. The in situ expression markers of EVCT included cytokeratins 18 and 8, human placental lactogen (hP ), human chorionic gonadotropin (hCG), human leukocyte antigen G (H A-G) and type IV collagenase. Another immortalised primary cell clone (HPT-8) exhibited cytokeratin 7, cytokeratin 18, vimentin, cluster of differentiation antigen 9, epidermal growth factor receptor, stromal cell-derived factor 1 and placental alkaline phosphatase. These cells secreted prolactin, estradiol, progesterone and hCG and were positive for H A-G, which is a marker of extravillous trophoblasts [15] . Thus, in this experiment, the HTR-8/SVneo and HPT-8 cells were chosen as ideal in vitro models to study the biology of normal trophoblasts. The HTR-8/ SVneo and HPT-8 cells were grown in Dulbecco's Modi ied Eagle Medium (Gibco BR , Grand Island, N , USA) supplemented with 10% foetal bovine serum and maintained in 5% CO 2 at 37 °C. 
Observation of Apoptosis morphology
After an initial incubation to approximately 80% con luence, the HTR-8/SVneo and HPT-8 cells were treated with different concentrations of Co-PCBs and cultured for 24 h. After washing three times with PBS, the cells were immersed immediately for 2 h in phosphate-buffered 2.5% glutaraldehyde. After an overnight wash in a 0.1 M sodium phosphate buffer, the cells were post ixed in 1% OsO 4 in a 0.1 M phosphate buffer (pH 7.4) for 1 h and stained with 1% uranyl acetate. Afterwards, the cells were dehydrated and latembedded in Durcupan (Fluka Chemic AG, Sweden). For electron microscopy (EM), ultrathin sections (60-70 nm) were stained with lead citrate, examined at 3700X and 12500X magni ication and photographed using a eiss 10 9 electron microscope.
Immunohistochemical Analysis
Immunohistochemistry for gC1qR and p38 MAPK/ERK in human villous tissues of abortion tissues was performed according to the manufacturer's instructions. In brief, paraf in-embedded sections of villous tissues were deparaf inized, and then heated for 3 minutes to retrieve antigens in a pressure pot. Then the sections were incubated with mouse anti-human gC1qR monoclonal antibody at 1: 200 dilution or rabbit anti-human p38 MAPK/ERK polyclonal antibody at 1: 150 overnight at 4°C. The slides were then incubated with peroxidased goat anti-rabbit/mouse secondary antibody for 30 min at 37°C, and 3, 3'-diaminobenzidine (DAB) staining was used to evaluate the chromogenic reaction. All incubation steps were performed in humidi ied chambers.
gC1qR siRNA-expressing Plasmid Construction and Transfection
The gC1qR siRNA was designed to target the 408-426 nucleotide portion of the human gC1qR mRNA; the forward sequence was 5'-AAC AAC AGC AUC CCA CCA ACA UU-3'. pGenesil-1 was used as the vector .0 l of the transfection medium were incubated for 25 min, then the mixture was added to the cells. Culture medium was then removed at 6 h after transfection and replaced by minimum essential medium (MEM) supplemented with 10% FCS for 54 h. Green uorescence protein was directly observed using a uorescence microscope to evaluate the ratio of transfection.
Real-time Quantitative Polymerase Chain Reaction (Real-time qPCR)
According to the manufacturer's instructions, total RNA was isolated from the cultured cells using Trizol reagent (Invitrogen, Carlsbad, CA, USA). gC1qR mRNA expression was detected with forward primer5'-AAT CAC ACG GTA GAC ACT GAA ATG CC-3' and reverse primer 5'-CAT CAT CCC ATC TAA AAT GTC CCC TG-3', which were used with the FAM/TAMRA-labelled probe 5'-TGC TCC AGT TCA ACC AAC GTC CTT CTC-3'. -actin was quanti ied using forward primer 5'-TCA CCC ACA CTG TGC CCA TCT ATG A-3' and reverse primer 5'-CAT CGG AAC CGC TCA TTG CCG ATA G-3' with the FAM/TAMRA-labelled probe 5'-ACG CGC TCC CCC ATG CCA TCC TGC GT-3'. The following thermal cycling conditions was used via an ABI PRISM 7300 sequence detection system: 2 min at 50 ºC and 10 min at 95 ºC followed by 40 cycles of 15 s at 95 ºC and 1 min at 60 ºC. All of the reactions were performed in 50 μ reaction volumes in triplicate. Standard curves were generated for gC1qR and -actin. The actin gene was used as an internal control in all of the PCR experiments. Relative amounts of gC1qR mRNA were normalised to actin mRNA using the following formula: 2 
Western Blot Analysis
Following different treatments, the HTR-8/SVneo and HPT-8 cells were prepared on ice in lysis buffer (10 mM Tris-HCl, pH 7.8, 0.5% sodium deoxycholate, 0.5% Nonidet P-40, 100 mM NaCl, 10 mM EDTA) supplemented with protease inhibitors for 30 min. The supernatants were obtained by centrifugation at 15,000 × g at 4 °C for 20 min. The protein samples (50 g) were separated by 10% SDS-PAGE and transferred to a PVDF membrane. The transferred membranes were probed with speci ic primary monoclonal rabbit anti-phospho-p38 MAP kinase (Thr180/Tyr182), anti-phospho-ERK1/2 (Thr202/Tyr204), anti-p38 MAP kinase, anti-ERK and monoclonal mouse anti-actin antibodies overnight at 4 °C followed by horseradish peroxidase-conjugated secondary antibodies. The protein bands were visualised using an enhanced chemiluminescence (EC ) Western Detection System and quanti ied by densitometry using uantity One (Bio-Rad, USA).
Apoptotic Cell Detection
The HTR-8/SVneo and HPT-8 cells were exposed to Co-PCBs and/or different signaling pathway inhibitors for 24 h. The cells were washed and resuspended in binding buffer (2.5 mM CaCl 2 , 10 mM HEPES, pH 7.4, and 140 mM NaCl). The cells were incubated in the dark with 5 each of Annexin V-FITC and propidium iodide for 15 min. Binding buffer was then added to each tube, and the samples were analysed using a Beckman Coulter Epics X low cytometer. Annexin-V-FITC ( )/PI ( ) staining indicated live cells, Annexin-V-FITC (+)/PI ( ) staining indicated cells that were in the early stages of apoptosis, and Annexin-V-FITC (+)/PI (+) staining indicated cells that were in the late stages of apoptosis or necrosis. The apoptosis ratio was calculated as the percentage of apoptotic cells among the treated sample compared to that among the control.
Statistical Analyses
The results are presented as the mean ± the standard deviation (SD) and analysed using student's t test when comparing two groups. To compare more than two groups, we used one-way ANOVA and post hoc Turkey tests, and p-values below 0.05 were considered to be signi icant and denoted as follows: ***p 0.001; **p 0.01; *p 0.05.
Results

Co-PCBs Induce Apoptosis in EVCT-Derived Transformed Cells
To quantitatively evaluate whether Co-PCBs triggered apoptotic death, the rates of apoptosis of the HTR-8/SVneo and HPT-8 cells were assessed by low cytometry following treatment with different concentrations of Co-PCBs (0, 40, 80, and 120 μmol/ ) for 24 h in vitro. As shown in Fig. 1A , the numbers of apoptotic cells (the early and the late apoptotic cells were distributed in the 1 R and 1 UR regions) observed following treatment ) were exposed to Co-PCBs at concentrations of 40, 80, and 120 μmol/ and compared to DMSO-exposed cells (0 μmol/ Co-PCBs). After 24 h of treatment, the cells were subjected to low cytometric analysis to detect apoptotic death. The cells were double-stained with annexin V-FITC and PI. The early and the late apoptotic cells were distributed in the 1 R and 1 UR regions, respectively. The necrotic cells were located in the 1-U region. The results are expressed as the means ± SD of three separate experiments (N = 3). ***p 0.001, **p 0.01, *p 0.05 versus DMSO group. B: Electron microscopic observations of the HTR-8/ SVneo and HPT-8 cells. No morphologic changes were observed in the cells treated with DMSO. The morphological changes observed in the Co-PCB-treated cells included blebbing, cell shrinkage, nuclear fragmentation (The white arrows). During the chromatin condensation phase, electron-dense nuclear material was aggregated peripherally under the nuclear membrane, and apoptotic bodies consisting of cytoplasm with tightly packed organelles were present in cells treated with different concentrations of Co-PCBs (40, 80, and 120 μmol/ PCBs; 3700X). The results are detected via three separate experiments (N = 3). the nuclear membrane, and apoptotic bodies consisting of cytoplasm with tightly packed organelles were present. The PCB-treated cells exhibited concentration-dependent chromatin condensation and nuclear fragmentation. However, in the DMSO (0 μmol/ PCBs) treated-groups, the morphologies of the HTR-8/SVneo and HPT-8 cells exhibited no obvious apoptotic features.
Different concentrations of Co-PCBs Cause gC1qR Expression in EVCT-derived Transformed Cells
Our previous study demonstrated that gC1qR plays an important role in the induction of apoptosis. Thus, to investigate the relationship between Co-PCBs and gC1qR expression in EVCT-derived transformed cells lines, HTR-8/SVneo and HPT-8 cells were treated with different concentrations of Co-PCBs (0, 40, 80, and 120 μmol/ ). The results of real-time PCR and western blot analyses demonstrated that the gC1qR expression levels were signi icantly increased in the Co-PCBs (40, 80, 120 μmol/ ) group compared to the DMSO-treated groups ( Fig. 2A-B) . Moreover, gC1qR gene expression in the Co-PCBs 80 μmol/ group was notably higher than that in the Co-PCBs 40 μmol/ group, and the expression level of the Co-PCBs 120 μmol/ group was signi icantly higher than that of the Co-PCBs 80 μmol/ group. uanti ication of the data revealed showed that the gC1qR expression level increased in a concentration-dependent manner following Co-PCBs treatment. These indings suggest that Co-PCBs induce gC1qR gene expression.
The effect of Co-PCBs on gC1qR expression and the p38 MAPK and ERK1/2 signaling pathway in gC1qR-silenced EVCT-derived transformed cells lines
In this experiment, our results indicated that the gC1qR expression and the p38 MAPK, ERK1/2 signaling pathway were signi icantly increased in spontaneous abortion villous tissues comparing with induced abortion villous tissues (Fig. 3A) . Next, we further explored the effect of Co-PCBs on gC1qR expression and the p38 MAPK, ERK1/2 signaling pathway in gC1qR-silenced EVCT-derived transformed cells lines by transfecting HTR-8/SVneo and HPT-8 cells with 100 ng empty vector, 100 ng gC1qR siRNA or 100 ng negative siRNA. After 72 h, the cells were treated with 80 μmol/ Co-PCBs for 24 h, and gC1qR gene and protein expression levels were analysed by real-time PCR and western blot analysis, respectively (Fig. 3B) . These indings demonstrated that the gC1qR mRNA and protein expression levels were signi icantly decreased in the PCBs and gC1qR siRNA groups compared to the PCBs and empty vector group. However, there was no difference between the PCBs + empty vector group and the PCBs + negative siRNA groups (p > 0.05). In contrast, the gC1qR mRNA and protein expression levels in the PCBs + negative siRNA group were signi icantly higher than those of the PCBs + gC1qR siRNA groups.
To demonstrate phosphorylation of p38 and ERK1/2 is part of the cellular response to Co-PCBs exposure, cells were treated with plain medium or Co-PCBs (80 μM), and after 24 h, the level of phospho-p38 MAPK and phosphor-ERK1/2 were examined in the HTR-8/SVneo and HPT-8 cells by western blot analyses. The results indicated that Co-PCBs increased the level of phosphorylation of p38 MAPK (Thr180/Tyr182) and the phosphorylation of ERK1/2 (Thr202/Thr204) compared with the plain medium group (Fig. 3C) .
To explore the related signaling mechanisms, phospho-p38 MAPK and phosphor-ERK1/2 levels were examined in the HTR-8/SVneo and HPT-8 cells by western blot analyses. As shown in Fig. 3D , the phosphorylation of p38 MAPK (Thr180/Tyr182) and the phosphorylation of ERK1/2 (Thr202/Thr204) were rapidly decreased in the PCBs + gC1qR siRNA group compared to the PCBs + empty vector group. There were no differences in phospho-p38 MAPK or phosphor-ERK1/2 protein expressions between the PCBs + empty vector group and the PCBs + negative siRNA group (p > 0.05). However, the phosphorylated p38 MAPK and ERK1/2 protein levels were signi icantly higher in the PCBs + negative siRNA group than in the PCBs + gC1qR siRNA group. These data demonstrate that Co-PCB treatment activated the p38 MAPK and ERK1/2 signaling pathways. treatment caused signi icant apoptotic death of HTR-8/SVneo and HPT-8 cells; interestingly, the numbers of apoptotic cells were decreased by SB203580 or PD098059 treatment relative to the PCB-treated group (Fig. 4D) .
Discussion
Co-PCBs exposure-induced toxicity has been linked to the pathophysiologies of diseases that including cancer, liver disease, type 2 diabetes and obesity [16] . Epidemiological research assessing the effects of maternal exposure to PCBs/dioxins on pregnancy outcomes has found that such exposure increases the proportions of adverse outcomes related to spontaneous abortion, stillbirth and preterm delivery, foetal growth restriction, and low birth weight [17] [18] . Several earlier studies also reported evidence supporting a relationship between exposure to Co-PCBs and spontaneous abortion [19] [20] , whereas other earlier studies did not support this association [21] [22] . The inconsistencies between these early studies were largely due to sample size, indirect exposure assessments, study design or Co-PCB exposure levels. The indings from our primary analysis support the existence of an association between exposure to Co-PCBs and spontaneous abortion. Moreover, it has been reported that serum concentrations of Co-PCBs are increased in women with foetal loss (miscarriages or stillbirths) and that high levels of Co-PCBs can directly increase apoptosis and cytotoxicity in human extravillous trophoblast cells. These results agree with those of the present study in which we demonstrated that treatment with Co-PCBs concentration-dependently triggered apoptosis in the human EVCT-derived transformed cell lines HTR-8/SVneo and HPT-8. The cytotoxicity of Co-PCBs on HTR-8/SVneo and HPT-8 cells was manifested as the apoptotic features of blebbing, cell shrinkage, nuclear fragmentation, chromatin condensation and chromosomal DNA fragmentation.
It is well known that low doses of Co-PCBs have stimulatory effects on the immune system, whereas high doses exhibit suppressive effects [23] . We reported that PCB-associated spontaneous miscarriage is related to the ability of Co-PCBs to induce gC1qR expression in EVCT-derived transformed cells [6] . Increasing evidence indicates that gC1qR can modulate various physiological cell responses; e.g., growth perturbations, morphological abnormalities and the initiation of apoptosis [24] . The indings of our previous study revealed that gC1qR is overexpressed in HTR-8/SVneo and HPT-8 cells and that this overexpression mediates cell apoptosis. Moreover, gC1qR expression increased in the EVCT-derived transformed cells in a dose-dependent manner in response to treatment with Co-PCB concentrations ranging from 0 to 120 μmol/ . gC1qR expression reached its highest level in response to the 120 μmol/ treatment with Co-PCBs. But we chose the concentration of 80 μmol/ Co-PCBs for subsequent experiments.
Previous reports about information available on the Co-PCBs toxicity in human cells are very few, due to the nature of absorption of different human tissues. To obtain such information, Ghosh S [25] chose 70 M of Co-PCBs to expose human liver cells and 80 M of Co-PCBs to expose human kidney cells to detect the cellular viability and apoptosis, and concluded that liver cells initiate the absorption of Co-PCBs, however, the concentration reaches its maximum level much earlier in kidney cells in human tissues. The reasons are as follows: the liver is mainly responsible for the uptake, storage, disposal of drug and toxins physiologically, while the kidney mainly regulates the mineral composition, body's luid volume, re-absorption of water and inorganic electrolytes [26] [27] . In present experiment, the maternal blood and placenta/decidual tissue were chosen as target to study the toxicity of Co-PCBs exposures, and according to the above analysis and our previous experimental data, we chose the 80 M concentration of Co-PCBs as the proper concentration to mimic environmental Co-PCBs exposure to matrix in subsequent experiments.
MAPK signaling pathways mediate the intracellular signaling associated with a variety of cellular physiological process, including the morphological and functional differentiation of villous trophoblasts, and have been proven to be important for the induction of cytotoxicity responses [28] [29] [30] [31] . Thus, to identify the potential mechanisms that lead to cytotoxic responses of HTR-8/SVneo and HPT-8 cells to Co-PCBs, we demonstrated the roles members of the MAPK signal cascades, including ERK1/2 and p38 kinase. It has been veri ied that the gC1qR expression, the p38 MAPK and ERK1/2 signaling pathway were signi icantly increased in spontaneous abortion villous tissues in our experiments. Accumulating evidence indicates that the silencing of the gC1qR gene decreases Co-PCB-induced activations of phospho-p38 and phosphor-ERK1/2. Meanwhile, our results revealed that SB203580 (a p38 MAPK pathway inhibitor) or PD098059 (a ERK1/2 pathway inhibitor) decreased PCBs-induced expression of gC1qR levels, which blocked the cytotoxic effect of Co-PCBs on apoptosis in HTR-8/SVneo and HPT-8 cells. Thus, the p38 MAPK/ERK1/2 pathway seems to be responsible for the gC1qR-regulated apoptosis of EVCT-derived transformed cells that is induced by Co-PCBs.
In conclusion, we demonstrated a mechanism by which Co-PCBs regulate cell apoptosis that is dependent on the gC1qR gene. The present study also proved that the p38 MAPK/ ERK1/2 signaling pathway is involved in Co-PCB-induced apoptosis of HTR-8/SVneo and HPT-8 cells. The cytotoxicities of Co-PCBs suggest that increased gC1qR levels are important in the apoptosis of EVCT-derived transformed cells and that gC1qR induces apoptosis through the p38 MAPK/ERK1/2 signaling pathway in EVCT-derived transformed cells.
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